Background {#Sec1}
==========

Subarachnoid hemorrhage (SAH) is a neurological emergency and a severe subtype of stroke with high morbidity and mortality, which occurs at younger ages than ischemia stroke or intracerebral hemorrhage. It is reported that about 85% of SAH is due to the rupture of an intracranial aneurysm, leading to aneurysmal subarachnoid hemorrhage (aSAH) \[[@CR1]\]. As the incidence of aSAH is urgent and dangerous, the epidemiological data have shown an estimated 10% of aSAH patients die before getting medical treatment \[[@CR2]\]. Meanwhile, it is reported that with the 3-month mortality rate reaching as high as 47% to 49%, and half of all survivors are left severely disabled \[[@CR3]--[@CR5]\]. Therefore, until now the treatment of aSAH in clinical remains unpredictable and the rate of mortality and disability is still high.

Accumulating evidence have shown that aSAH was a multifactorial disorder associated with genetic and environmental factors \[[@CR6]\]. Many studies have evaluated modifiable risk factors for aSAH, including age, female sex, hypertension, and tobacco use \[[@CR7], [@CR8]\]. Meanwhile, a lot of evidence have suggested that genetic predisposition is also involved in aSAH \[[@CR9]\]. So, the discovery of the effects of gene polymorphisms in the course of aSAH, and development of personalized diagnosis and therapy might show attractive prospect in the management of aSAH.

Recently, a number of evidences have suggested that apolipoprotein E (APOE for gene, ApoE for protein) is a candidate gene that is associated with aSAH \[[@CR10]--[@CR13]\]. In humans, APOE is located on 19q13 and has three common alleles: *ε*2, *ε*3, and *ε*4, which form six ApoE genotypes: *ε*2/*ε*2, *ε*2/*ε*3, *ε*2/*ε*4, *ε*3/*ε*3, *ε*3/*ε*4, and *ε*4/*ε*4. The *ε*3/*ε*3 phenotype has the widest distribution in population, refer as "wild type" \[[@CR14]\]. Human APOE codes a 34-kDa protein with 299 amino acids (ApoE), composed with three major isoforms (ApoE2, ApoE3 and ApoE4), and participated in cholesterol and lipid transport \[[@CR15]--[@CR17]\]. Especially, ApoE plays a critical role in redistributing lipids among central nervous system, repairing injured neurons, neurite outgrowth, and glucose use by neurons and glial cells \[[@CR18], [@CR19]\].

It has been identified that the ApoE ε4 allele is a major risk factor for Alzheimer's disease \[[@CR20]--[@CR22]\]. Alternatively, presence of the ε4 allele has been associated with poor outcomes after traumatic brain injury \[[@CR23]\]. Recently, the association between the APOE polymorphism and risk of aSAH has been investigated in several studies among different populations, however, the conclusion from these studies were conflicting \[[@CR13], [@CR24], [@CR25]\]. Furthermore, most of evidences were from Caucasian populations in Europe and USA, the direct evidence from Chinese Han population is relatively poor \[[@CR26]\].

The primary aim of this study was to demonstrate whether APOE polymorphism is an important determinant of aSAH in Chinese Han population in Fujian province, which is located in the south-east of China. Secondarily, we further explore the possible mechanism whether the ApoE genotypes influence the incidence of aSAH is associated with the serum lipids, especially the concentration of plasma ApoE.

Methods {#Sec2}
=======

Study subjects and design {#Sec3}
-------------------------

The present study consisted of 131 aSAH patients who were newly diagnosed in the First Affiliated Hospital of Fujian Medical University (Fuzhou, China) from June 2016 to August 2017. All patients with aSAH were eligible for the following criteria: 48 h of onset, with headache, nausea, vomiting, meningeal irritation and other typical clinical manifestations; and the aneurysm were confirmed by digital subtraction angiography (DSA), computed tomography angiography (CTA) or surgery. Meanwhile, 137 age- and gender-matched healthy adults, who were seeking routine health check-up at the First Affiliated Hospital of Fujian Medical University, were used as control subjects. The others who were suffering from chronic liver disease, kidney disease, other tumors and shorter survival time were excluded from this study.

The study protocol was approved by the ethics committees of the First Affiliated Hospital of Fujian Medical University and was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all of the participants prior to the study.

Blood lipid assay {#Sec4}
-----------------

Peripheral venous blood (3\~ 5 mL) was collected in serum from participants after at least 12 h of fasting, and serum was immediately separated by a 10 min centrifugation at 1500 g. The serum samples were stored at − 80 °C until the analysis. Serum lipid levels including serum total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), apolipoproteinA1 (ApoA1), apolipoprotein B (ApoB), and apolipoprotein E (ApoE) were examined by automatic biochemistry analyzer (Siemens, ADVIA2400).

Apolipoprotein E genotype analysis {#Sec5}
----------------------------------

Genomic DNA was extracted from venous blood according to the manufacturer's recommendations (Qiagen). The concentration of DNA was determined using a NanoDrop 1000 spectrophotometer (Thermo Fisher). DNA samples were frozen at − 20 °C until processed. For the determination the ApoE genotype, a commercial ApoE genotyping chip (Sinochips, China) was performed according to the protocols provided by the manufacture.

Meanwhile, we further confirmed the ApoE genotype by Sanger sequencing, and the PCR primers were designed based on the GenBank reference as follow: sense, GACCATGAAGGAGTTGAAGGCCTAC; antisense, CTCGCGGGCCCCGGCCTGGTA.

Statistical analysis {#Sec6}
--------------------

Statistical analysis was performed with SPSS 18.0 software (Chicago, USA). The data were expressed as the mean ± standard deviation (SD) for numerical variables, or as the number (%) for categorical variables. The Hardy-Weinberg equilibrium was estimated in healthy controls. The independent t-test or the Chi-square test was used to compare outcomes. A multivariate logistic regression analysis adjusted for age and gender was carried out using aSAH as dependent variable, the data was showed as the odds ratios (ORs) and 95% confidence intervals (CIs). All tests of significance were two-tailed, and *P* \< 0.05 was considered statistically significant.

Results {#Sec7}
=======

Clinical and laboratory characteristics of studying subjects {#Sec8}
------------------------------------------------------------

In our present study, 159 patients with aSAH within 48 h of onset were enrolled, 19 patients were excluded because their clinical data were not gotten completely. Nine patients who did not verified the responsible vascular lesion were also not included. The remaining 131 patients were recruited as aSAH group finally.

The general characteristics and serum lipids in this study are shown in Table [1](#Tab1){ref-type="table"}. As to general characteristics, there were 268 subjects which included 131 patients with aSAH (55 males and 76 females) as aSAH group and 137 age- and gender-matched healthy adults (57 males and 80 females) as control group. The average age of the aSAH group was 54.65 years, with a standard deviation of 13.53, and those of healthy controls was 55.23 years, with a standard deviation of 10.44. There were no significant difference of age, sex, smoking, drinking, hypertension and BMI between the two groups (All *P*\>0.05).Table 1Clinical and laboratory characteristics of patients with aSAH and healthy controlsaSAH(*n* = 131)Controls(*n* = 137)*P* valueAge (years)54.65 ± 13.5355.23 ± 10.440.688Sex-No (male %)41.98(55/131)41.61(57/137)0.928BMI (kg/m2)24.84 ± 3.7924.16 ± 3.390.744Smoking (%)26.43(37/131)23.36(32/137)0.581Drinking (%)15.27(20/131)18.98(26/137)0.421Hypertension (%)43.51(57/131)38.69(53/137)0.422TC (m mol/L)4.52 ± 1.385.11 ± 0.86\< 0.001^\*^TG (m mol/L)1.23 ± 0.771.29 ± 0.750.566HDL-C (m mol/L)1.23 ± 0.461.44 ± 0.32\< 0.001^\*^LDL-C (m mol/L)3.19 ± 1.473.27 ± 0.820.625ApoA1 (g/L)1.20 ± 0.321.38 ± 0.25\< 0.001^\*^ApoB (g/L)0.93 ± 0.310.99 ± 0.210.075Data are expressed as the means ± standard deviation, except for sex, smoking, drinking and hypertension which is expressed as the number (%). *TC* Total cholesterol, *TG* Triglyceride, *HDL-C* High density lipoprotein cholesterol, *LDL-C* Low density lipoprotein cholesterol, *ApoA1* Apolipoproteina1, *ApoB* Apolipoprotein B*P* value, 2-sample independent t-test, or chi-squared test as appropriate. ^\*^*P* \< 0.001, compared with controls

As to the levels of serum lipids (including TC, TG, HDL-C, LDL-C, ApoA1, and ApoB), there were no significant differences in the levels of TG, LDL-C and ApoB between the aSAH groups and control groups (all *P* \> 0.05). However, the concentration of TC (aSAH groups: 4.52 ± 1.38 mmol/L; control groups: 5.11 ± 0.86 mmol/L), HDL-C (aSAH groups: 1.23 ± 0.46 mmol/L; control groups: 1.44 ± 0.32 mmol/L), and ApoA1 (aSAH group: 1.20 ± 0.32 g/L; control groups: 1.38 ± 0.25 g/L) were significant differences between two groups (all *P* \< 0.001). As shown in Table [1](#Tab1){ref-type="table"}, the serum TC,HDL-C and ApoA1 levels in aSAH were significantly lower than those in the controls.

APOE polymorphism distribution in aSAH and controls {#Sec9}
---------------------------------------------------

The genotype and allele frequencies between patients with aSAH and healthy controls are shown in Table [2](#Tab2){ref-type="table"}. The ApoE allelic frequency in controls was consistent with Hardy-Weinberg equilibrium (*P* \> 0.05). Six common genotypes of human APOE were identified in our study. Among them, the genotype ε3/ε3 had the largest proportion both in aSAH groups and control groups, and then ε2/ε3 and ε3/ε4, while ε2/ε2, ε4/ε4 were the least, which is comparable to the values found in other studies performed in Asian populations \[[@CR27], [@CR28]\]. We further observed the differences in the distribution of the 6 common genotypes in the two groups, we found that the distribution of ε2/ε3 genotype was higher in the aSAH group than the healthy control group (aSAH group: 19.08%; control groups: 9.49%, *P* \< 0.05). Although the ratio of ε3/ε4 in aSAH was lower, there was no statistically significant difference compared with controls (*P* \> 0.05).Table 2Genotypes and allelic frequency of APOE in aSAH group and control groupaSAH(*n* = 131)Controls(*n* = 137)*P* valueNo%No%Genotypeε2/ε210.7610.730.941ε2/ε32519.08139.490.038\*ε2/ε421.5310.730.606ε3/ε39068.7110072.990.440ε3/ε4129.162014.600.300ε4/ε410.7621.460.999Alleleε22911.07165.840.039^\#^ε321782.8223284.670.562ε4166.11269.490.204^\*^Genotypes frequency, Chi^2^, *P* \< 0.05^\#^Allelic frequency: ε2 (Chi^2^, *P* \< 0.05)

Then, we also observed the allele frequencies between the two groups, the ε3 allele was greatest (82.82%), while those of ε2 and ε4 were 11.07 and 6.11%, respectively in aSAH patients. Meanwhile, ε3 allele was 84.67%, and ε2 and ε4 were 5.84 and 9.49% in controls. We found that the frequency of ε2 in aSAH group was higher than that in control group (aSAH group: 11.07%; control groups: 5.84%, *P* \< 0.05), indicated that ApoE ε2 may be play some roles in aSAH.

The association of APOE polymorphism with the incidence of aSAH {#Sec10}
---------------------------------------------------------------

Using the multivariate logistic regression analysis adjusted for age and gender, we further explore the correlation between APOE Polymorphism and the incidence of aSAH.

As shown in Table [3](#Tab3){ref-type="table"}, after adjusted for the age and gender, there was no significant difference in the incidence of aSAH between the allele ε4 and ε3 (OR = 0.650, 95% CI = 0.308-1.371, and *P* = 0.258), while, allele ε2 was significantly increased compared to allele ε3 in aSAH (OR = 2.083, 95% CI = 1.045-4.153, and *P* = 0.037), suggesting that ε2 is a risk factor for aSAH compared with ε3.Table 3Odds ratios and 95% confidence interval for aSAH under three major genetic models*P* valueOR(95%CI)ε2 versus ε30.037^\*^2.083(1.045, 4.153)ε4 versus ε30.2580.650(0.308, 1.371)*P* value was obtained from the logistic regression after adjustment for age and gender. *OR* Odds ratio, *CI* Confidence Interval. ^\*^*P* \< 0.05

The association of plasma levels of ApoE with aSAH {#Sec17}
--------------------------------------------------

As shown in Table [4](#Tab4){ref-type="table"}, the differences of serum ApoE between the two groups were analyzed by 2-sample independent t-test. There was a statistically significant difference between the two groups (*P* \< 0.05), the levels of ApoE in aSAH (53.03 ± 24.64 mg/L) was higher than those in controls (45.06 ± 12.84 mg/L).Table 4the plasma levels of ApoE in aSAH group and control groupaSAH(*n* = 131)Controls(*n* = 137)*P* valueApoE(mg/L)53.03 ± 24.6445.06 ± 12.840.010^\*^Data are expressed as the means ± standard deviation, *P* value for independent t-test, 2-tailed. ^\*^*P* \< 0.05, compared with controls

Meanwhile, as shown in Table [5](#Tab5){ref-type="table"}, in order to explore the effects of genotype on serum ApoE, we further analyzed the plasma levels of ApoE in the three common genotypes (ε2/ε3, ε3/ε3 and ε3/ε4) in aSAH patients (The proportion of other three genotypes was too low, not yet compared). The data showed the plasma levels of ApoE in the three common genotypes were as follow: ε2/ε3 \> ε3/ε3 \> ε3/ε4, but there was not yet significant difference (all *P* \> 0.05).Table 5the plasma levels of ApoE in aSAH group under three genetic modelsε2/ε3ε3/ε3ε3/ε4ApoE(mg/L)56.81 ± 17.0954.17 ± 26.3237.47 ± 22.63*P* value0.742--0.141Data are expressed as the means ± standard deviation, *P* value for independent t-test, 2-tailed

Discussion {#Sec11}
==========

As we known, aSAH is a critical clinical problem with less chance for patient recovery and survival even after surgical management and medication. So, the discovery of genetic predisposition of aSAH show attractive prospects for improve its diagnosis and treatment, and making medical decisions in clinical practice by personalized medicine.

It has been suggested that APOE polymorphism play a critical role in the incidence and prognosis of aSAH, which has been shown in various studies among different population \[[@CR10]--[@CR12]\]. However, these studies have failed to reach a definitive conclusion. Furthermore, most of evidences were from Caucasian populations, the direct evidence in Chinese Han population is relatively poor.

A recently meta-analysis of 9 studies, which was mainly including Caucasian and Asian population, have showed that there was a significant association between APOE genotype and aSAH, and ε2 allele was a risk factor for aSAH \[[@CR24]\]. In our present study, we found the distribution of ε2/ε3 genotype in aSAH was higher than the healthy controls, and allele frequencies of ApoE ε2 in aSAH was also higher than controls. Latter, using the multivariate logistic regression analysis, we found that ApoE ε2 allele was significantly increased compared to ε3 in aSAH (OR = 2.083, 95% CI = 1.045-4.153, *P* = 0.037), suggesting that ε2 allele is a risk factor for aSAH, which was consistent with the result of the previous meta-analysis \[[@CR24]\] and the study of Liu et al. \[[@CR12]\].

As we known, ApoE is a plasma glycoprotein and play an important role in the transport of cholesterol and other lipids. A number of studies have shown that ApoE genotypes could influence the levels of serum lipids \[[@CR29]--[@CR31]\]. Meanwhile, recent studies have showed that the serum lipids participated in the pathogenesis of aSAH \[[@CR32], [@CR33]\]. In this study, we also determined the serum lipids in aSAH and healthy controls, the data showed that the levels of TC, HDL-C and ApoA1 in aSAH were significantly lower than those in healthy controls (all *P* \< 0.05). It is indicated that a decrease in plasma TC, HDL-C and ApoA1 levels is associated with the occurrence of aSAH. Our results was consistent with the other studies that the carrier of ε2 allele, is associated with the lower total cholesterol compared with ε3 and ε4 \[[@CR34]\].

ApoE is not only present in plasma, but also in the central nervous systems. It has reported that ApoE in the central nervous systems plays a critical role in redistributing lipids for normal lipid homeostasis, repairing injured neurons, neurite outgrowth, synaptic plasticity, which acts as a neurotrophic, protective and repair functions \[[@CR18]\]. Meanwhile, recent studies have reported that plasma ApoE is an important regulator of TC, LDL and other lipid metabolic processes \[[@CR35], [@CR36]\]. In current study, we further detected the serum ApoE concentration, our data showed that the plasma ApoE in the aSAH was significantly higher than that in the healthy controls (*P* \< 0.01). Although no statistically differences in serum ApoE concentrations were observed for the various ApoE genotypes, the trends were observed that the serum ApoE of the ε2/ε3 genotype was higher than that of the ε3/ε3 genotype in aSAH group. It was indicated that the presence of allele ε2 may increase the plasma ApoE content, which may be related with the less effective of ApoE ε2 on neuroprotective function during stress or injury \[[@CR37]\].

Although the molecular mechanisms of the association between ApoE and aneurysms are not fully understood, they are becoming increasingly clear. It has been reported that low serum HDL-C is strongly correlated with enhanced status of inflammation, endothelial activation and oxidative stress, which have a greater chance of endothelial weakening in intracerebral arteries \[[@CR38], [@CR39]\]. Meanwhile, low serum cholesterol levels were at an increased risk of intracerebral hemorrhage \[[@CR40]\]. Furthermore, as we mentioned above, ApoE is a key regulator of the lipid metabolic processes, participated in the dyslipidemia in aSAH. These direct evidence suggested that the serum low HDL-C and TC, which had been observed in our present study, could be increase the endothelial weakening in intracerebral arteries, and in turn enhance the risk of aneurysms rupture and intracerebral hemorrhage. This may be a possible mechanism of ApoE involved in the aneurysms and aSAH.

Furthermore, it should be mentioned that there were some controversial results with our present study on the correlation of APOE polymorphism and aSAH. First of all, a case-control study of Tang et al. from a Beijing Chinese Han population of aSAH suggested that there was no association among APOE polymorphism with the incidence of aSAH \[[@CR26]\]. Secondly, a meta-analysis of Zhao et al. suggested that no association of APOE gene polymorphism and SAH susceptibility \[[@CR41]\]. In addition, a meta-analysis of Chen et al. found that the ApoE ε4 carriers showed a significantly elevated risk of developing SAH in the Chinese population, which may be a risk factor for SAH \[[@CR25]\].

As to the different results, there are some key factors should be mentioned, such as: (1) geographical area difference, (2) the bias in patients selection, (3) the population size and statistical processing, (4) the differences of objective case: some studies used the overall SAH as the objective case, including the traumatic or spontaneous SAH and so on.

For our current study, we focused on the Chinese Fujian Han population, which was located on the southeast of China. Moreover, every patient of aSAH was confirmed by DSA, CTA or surgery. Meanwhile, the ApoE genotype was determined by commercial ApoE genotyping chip (Sinochips, China), which had get the Certification of CFDA (China Food and Drug Administration) and widely used in many hospital in China, and further confirmed by Sanger sequencing.

Limitations {#Sec12}
-----------

However, there were also some limitations in our current study. Firstly, the effects of diet on lipid profile in this study should be considered. A lot of studies have reported that the nutraceuticals and functional substances contained in food, such as proanthocyanidins, resveratrol, red wine, and fish oil, maybe have protective effect on vascular system and reduced the overall cardiovascular risk induced by dyslipidemia \[[@CR42]\]. Secondly, the patients of aSAH in our study were all come from one hospital which may be a selection bias. Thirdly, those who died or give up during emergency treatment were not included, which could cause Neyman bias. Furthermore, the size of the cases admitted in this study was relatively small. These limitations make us be careful on drawing the conclusions.

Conclusions {#Sec13}
===========

In conclusion, our study have suggested that there was a significant correlation between serum lipids and aSAH, and APOE polymorphism might be associated with the incidence of aSAH in Chinese Fujian Han population and the ApoE ε2 allele was a risk factor for the incidence of aSAH. The serum ApoE was significant higher in aSAH compared with the healthy controls. The mechanisms of ApoE ε2 in the incidence of aSAH may be related with the impacts of ApoE genotypes for the serum lipids. Additional studies of larger population size are needed to confirm this finding.

This study was partially supported by the grants from the National Natural Science Foundation of China (No.81572067), the Natural Science Foundation of Fujian Province (No.2016J05185), and the Youth Foundation of Health and Family Planning Commission of Fujian Province (No.2016-1-55).

XFL performed the design of the study, statistical analysis and wrote article. WWZ and QMW carried out the molecular genetic studies and collected the clinical data. FQW and BY carried out the biochemistry analysis. QSO designed the study, reviewed article, and provided funding to support the study. All authors read and approved the final manuscript.

Ethics approval and consent to participate {#FPar1}
==========================================

The study was approved by the ethics committees of the First Affiliated Hospital of Fujian Medical University and was performed in accordance with the Declaration of Helsinki.

Competing interests {#FPar2}
===================

The authors declare that they have no competing interests.

Publisher's Note {#FPar3}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
